Recent studies show that humans engage in multitasking information behaviors, often in libraries, as they seek and search for information on more than one information task.
INTRODUCTION
The growing complexity of everyday life and work environments often requires people to engage in multitasking behaviors. For example, common multitasking behaviors include talking on the telephone when driving a car, or using multiple information systems concurrently (Slaney, 2003) . Multitasking has been identified as an important are of human behavior research, particularly in home and work environments that include intensive processes that are increasingly supported by information systems (MacIntyre, 2001;  Users are often thinking and working on multiple information problems concurrently, but search systems require them to search sequentially. However, this form of multitasking information behavior is poorly understood and has little support from electronic information systems. User interactions with libraries and database systems are now being studied within the broader context of their information-seeking behaviors (Rice, 2001 ). However, most IR systems and research focuses on supporting a user's searching behavior on one information task during one search interaction, including query formulation and reformulation .
However, human information behavior models and library use models have also included limited consideration of multitasking information behaviors. Theoretical and empirical models of human information behavior by Bates (1989) , Dervin (1985) , Ellis, (1993); Kuhlthau (1991) , Vakkari (2001) and Wilson (1999) are limited to information processes related to single information tasks. Models and studies of library use are also limited to single information task use of libraries (D'elia, 1980; Emery, 1993; Low, 1972; Mellon, 1984; Sone, 1988; Van House, 1983) . Recent digital libraries use models at the social and organizational level are also based on single information task approach (Covi, 1996) .
In addition, human information behavior research and models, and library use models are not well integrated. Some researchers have explored both concepts in single study (Chen, 1981; Dervin, 1985; Gross, 1999 Gross, , 2002 Pelzer, 1988) . However, human information behavior models do not generally included consideration of library use variables and issues. Alternatively, library use studies tend to focus on the use, awareness and accessibility of library resources, services and digital libraries. Library use competence and less focused on library related human information behaviors.
Within this theoretical context, this paper first examines research on multitasking within the context of human behavior. We then discuss the findings from recent studies of multitasking information behaviors in the context of Web and database searching, and library use. The paper then provides results from an exploratory study of multitasking information behaviors by an information seeker who sought information on four unrelated personal information tasks during two public library visits. Finally, the paper provides a theoretical model of information tasks switching during multitasking information behavior.
MULTITASKING STUDIES Information Processing
Cognitive psychologists have an extensive research literature on multitasking,
.concurrent information processing, task switching (Burgess, 2000; Pashler, 2000) and sequential actions (Carlson, 2000) at microsecond level. Complex task switching can include three phases: desire to task switch, task switch, and switching back to a previous task. The findings that multitasking over different types of tasks can reduce productivity (Rubinstein, 2001) , is further supported by the single channel theory that suggests the ability of humans to perform concurrent mental operations is limited by the capacity of a central mechanism (Schweickert, 1984) .
Psychologists have also identified differences between prioritized and un-prioritized multitasking situations (Ishizaka, 2001 ) and a model of group multitasking behavior (Waller, 1997) . Aasman (1992) and Just (2001) analyzed multitasking and dual tasking during the driving task. Hunt and Joslyn (2000) identified characteristics of individuals who do well in situations characterized by multitasking and decision making under considerable time pressure. Bainbridge (1999) identifies processes underlying human multitasking behaviors in complex task situations. Lee (2002) argues that multitasking behaviors can be best understood as a product of skill acquisition.
In summary, for experimental psychologists, multitasking research at the microsecond, cognitive information processing level, is an important area of study. more keywords, queries and query reformulation than single information task searches, (4) users reported problems in coordinating, tracking and managing their multitasking searches, and (5) most of the information task in Web multitasking searches were on general information, computers and entertainment.
Many Web users engage in multitasking searches in the course of a single or multiple searching episodes. The prevalence of multitasking search behaviors, as yet largely unsupported by Web and database systems, is a major new challenge for system designers.
System Design
Supporting multitasking behaviors is becoming important research challenge for systems designers (MacIntyre, 2001; Miyata, 1986; Slaney, 2003) . Windowing features provide some support for interactive multitasking behaviors within most operating systems.
However, many interactive systems do not provide effective support for managing multitasking behaviors (MacIntyre, 2001 ).
Library Users
Multitasking information behavior is emerging as an important research area in librarianship. Spink, Ozmutlu and Ozmutlu (2002) studied multitasking information behaviors by academic library users. Some 13 (13.6%) of the 95 academic library users interviewed reported seeking information on more than one information task concurrently.
• 9 out of 13 multitasking academic library users were seeking information on two information tasks.
• 4 out of 13 multitasking academic library users were seeking information on three information tasks.
Five (5) academic library users were seeking information on related information tasks and eight (8) academic library users were seeking information on unrelated information tasks, such as the three information tasks -Bermuda Triangle, cigar boxes and Egyptian art.
A typical multitasking search begin with one information task and switches to another information task.
The findings from this study suggest that human information behaviors can include repeated and iterative information task switching between related or unrelated information tasks. A user may engage in a process of information task switching, back and forth, between two or more search information tasks. Different library users were seeking information on a varied number of information tasks and were often at different levels of information seeking on different information tasks. We also see evidence of successive searching by these library users that supports previous findings on successive searching behavior by Spink, Bateman and Greisdorf (1999) and Spink, Wilson, Ford, Foster and Ellis (2002a,b) .
Further research is needed to further understand this new and important area of human information behavior with implications for the development of theories and models, information professional and user training, and the design of libraries and information services.
RESEARCH GOALS
The major goal of the study is to conduct a case study to empirically investigate the nature of an information seeker's multitasking information behavior and information task switching. The research goals explored in this study were:
1. To examine how an information seeker conducts multitasking information behaviors.
2. To examine the patterns of multitasking information behavior and information task switching.
3. Test a mix of observational, diary and interviews data collection techniques and provide a baseline for further research using a larger sample of information seekers.
The study has important implications for the development of theories and models of human information behavior, information professional and user training, and the design of libraries and information services.
RESEARCH DESIGN Case Study
The study reported in this paper employs a case study approach to understand how an information seeker, with a set real information tasks, constructed a multitasking information seeking process. A case study approach allowed the researcher to focus on a holistic and intensive description and characterization of a single phenomenon (Merriam, 1988) . The case study approach also allowed the researcher to use a mix of observational, diary and interviews data collection techniques and provide a baseline for further research using a larger sample of information seekers. The case study approach has been used by other information scientists to study the information behavior (Kuhlthau, 1997) and the relevance judgments (Tang, 1998 ) of a single individual.
Information Seeker
The volunteer information seeker who agreed to participate in the study was an acquaintance of the researcher, not a close friend, student, or had ever worked with or been employed by the researcher. She was a resident of State College Pennsylvania with a college level education, and a full time mother who occasionally works on funded projects at The Pennsylvania State University. The volunteer was told only that the researcher was studying usage patterns within libraries.
Data Collection
The researcher decided to use a combination of data collection techniques during this case study, including a diary compiled by the information seeker, observations and interviews.
Diary of Actions and Thoughts
A major part of the data collection during the study was the diary of actions and thoughts compiled by the information seeker during their two library visits. The researcher requested that the information seeker write down all their actions and thoughts about their library use on blank lined paper during their library visit. This qualitative data collection technique allowed the researcher to gain a timeline and insights into the information seekers actions and thoughts as they used the library.
Observations
In addition to the diary, the researcher decided to use observation of the information seeker from a distance during the library visits. The goal of the observations was to form a timeline of and notes about the information seeker's behavior to supplement the diary and interviews.
Interviews
The researcher decided to further supplement the data collection with interviews of the information seeker after each library visit. The goal of the open ended interview technique was to discuss in detail the information seeker's diary notes and processes during their library visit. The interviews were not audio-taped.
Study Procedures Information Seeker's Information Tasks
At the beginning of the first library visit, the information seeker identified three unrelated, everyday life personal information tasks for which they were seeking information.
Information Task 1: Information on Miami Beach and South Beach in Florida.
Information Task 2: Information and books about cooking with polenta.
Information Task 3: Information on a new drug Xolain to treat allergic asthma.
Listed below is the information seeker's statement describing their information tasks that were provided to the researcher at the beginning of their first library visit.
"My three topics are -information on Miami, South Beach and Miami Beach, books on polenta cooking and information the allergic asthma drug Xolain. I wanted to find information on Miami and particularly Miami Beach. I'm vacationing there soon and I also want to find information about restaurants and other things to do and things about the area. Maybe I could find a book or magazine? I had done some Web searches on Miami Beach. I also want to find information on polenta that is used in Italian cooking.
I saw it on the Food Network. I looked for books on polenta on Amazon.com. But, I
thought I'd find books in the library, rather than buying a book. The drug Xolain was mentioned in the newspaper as a new drug to treat allergic asthma. Someone in my family has asthma, so I want to check on this. I don't know that much about these topics, but I might find something in the public library. So I'm going to the public library soon."
The information seeker discussed three unrelated information tasks that were part of their everyday life personal information needs. One information task was related to a future vacation, another information task was related to their cooking interests and the third information task was related to a family illness. The information seeker had access to the Web at home and was also a member of the Schlow Public Library in downtown State
College Pennsylvania who regularly used the library to find information and borrowed books.
The procedures followed during the data collection phase were:
• The information seeker indicated that they would be using the Schlow Public Library in downtown State College Pennsylvania to find information on their three information tasks discussed above.
• The information seeker agreed to make detailed notes on paper between and during any library visits to collect a record of their thoughts and actions.
• The information seeker visited the public library twice for an approximately one hour per visit and produced approximately four pages of notes on their actions and thoughts per visit.
• The researcher observed the information seeker in the library from a distance and made notes concerning the information seeker's behavior during two library visits.
• At the conclusion of each library visit the researcher interviewed the information seeker about their notes and processes during their library visit. Each open ended interview took about 25 minutes.
• The researcher made notes during the library observation and interview.
Data Analysis
The researcher qualitatively analyzed the approximately eight pages of information seeker's notes, researcher's observation notes and the interview notes. Grounded theory (Strauss, 1990 ) was used to analyze the qualitative data derived from the notes. The goal of the analysis was to produce a taxonomy and flowchart of the information seeker's information behaviors and information task switching during the library visit.
Data was also collected during the micro-analysis on the information task switching occurrences and the sequences in which the information task occurred. This type of sequential data, insufficiently large quantities, can be used as input for the statistical analysis of the patterns and transitions of feedback sequences, utilizing Markov and loglinear analysis.
RESULTS
In this section of the paper we present a flowchart of the information seekers' actions and thought, as they recorded in their notes.
First Library Visit
The information seeker decided to visit the public library at 11am on Thursday June 
Information Behaviors
An analysis of this qualitative data led the researcher to develop taxonomy of information behaviors described below:
Electronic Search: The information seeking interacting with an electronic information resource, such as the book catalog, magazine index or the Web.
Physical Library Search:
The information seeker searches physically in the library for a book, magazine, etc.
Serendipity Browsing: The information seeker physically browsed the library shelves for other information tasks.
Information Task Switch:
In addition, each electronic and physical search in involved a particular information task and switching between those information tasks.
Each electronic and physical search was further classified according to the information task and the level of information task switching. An information task switch was an iterative process conducted by the information seeker of ceasing to seek information on one information task and beginning to seek information on another information task. Table I provides an overview of results from study, including the types of information behaviors.
[Take in Table I] Library Visits
The information seeker made two visits to the public library during their period of seeking information. The first library visit involved seeking information on three unrelated information tasks. The second library visit involved the three unrelated information tasks, including the new information task -colon cancer.
Information Tasks
The information seeker worked on four unrelated information tasks during the two library visits, including the switching from Xolain to colon cancer in the second library visit.
Electronic Searches
An electronic search involved the information seeking interacting with an electronic information resource, such as the book catalog, magazine index or the Web. The two library visits included eight electronic searches of different electronic resources including the book catalog, a magazine index ands the Web. The electronic searches tended to occur at the beginning of the library visit, although repeat visits to the same electronic resources throughout the visit, also occurred.
Physical Library Searches
A physical library search involved the information seeker searches physically in the library for a book, magazine, etc. The two library visits included four physical library searches. The physical searches usually occurred after a search of electronic resources.
Serendipity Browsing Episodes
A serendipity browsing episode involved the information seeker physically browsed the library shelves for other information tasks. The two library visits included four serendipity browsing episodes.
The next section of the paper reports the findings related to information task switching behavior by the information seeker.
Information Task Switching
Information Task Sequencing The process of information task switching was of particular interest in this study. An information task switch was the iterative process by the information seeker of ceasing to seek information on one information task and beginning to seek information on another information task.
The information seekers' process of information task switching was analyzed as a sequence. The two library visits included a sequence of seventeen information task switches with thirteen switches during the first library visit and four during the second library visit. The sequence of seventeen information task switches by the information seeker is shown in Figure I .
[Take in Figure I ] Table II further illustrates the sequence of the seventeen information task switches by the information seeker.
[Take in Figure II] The analysis of the sequential information task switching by the information seeking shows:
• 13 switches between different information tasks.
• 4 switches from information task to serendipity browsing Information task sequencing can be investigated further using a larger data set by using Markov and log-linear analysis techniques.
The next section of the paper examines the reasons for information task switching discussed by the information seeker during the interviews, including the information seeker's ordering of the information task switching.
Reasons for Information Task Switching
During the interviews, the information seeker identified a number of reasons for information task switches, the ordering of the task switches and the serendipity browsing episodes:
• The information seeker found sufficient information in the form of a book that needed to be examined before proceeding further on that information task.
• The information seeker experienced a shift of interest and became bored with one information task and wanted to proceed with another information task.
• The information seeker first pursued information tasks of higher interest and domain knowledge. For example, the information seeker felt she knew more about Miami
Beach and has more current interest in that information task, so she pursued that first during the first library visit.
• Serendipity browsing episodes were prompted by visual cues in the library to other topics. For example, while walking through the shelves, the information seeker saw some political books and stopped to read and finally borrow a book.
The next section of the paper discusses the key findings of the study.
DISCUSSION
Many library users and human information behavior models exist, but few have explicitly addressed multitasking information behaviors. The study reported in this paper begins to identify factors that affect multitasking and information task switching behavior, as shown in Figure II .
[Take in Figure II] The model shows that multitasking information behaviors and information task switching is affected by: (1) the nature and complexity of content in relation to the information seeker's domain knowledge, (2) the amount and depth of information processing required for different information tasks, (3) the information seeker's level of interest, including their attention and focus, in the information task, (4) the level of planning and priorities by the information seeker in relation to their information tasks, (5) the pros and cons or the effects on effectiveness, efficiency and productivity of information tasks switching, and (6) serendipity by the information seeker that is prompted by visual information cues and the tension with the planning and priority goals.
We can see from the factors discussed in the previous paragraph and the related studies that multitasking information behaviors may allow users to cope with the complex everyday world in which they live. From the findings over multiple studies in different information environments (Ozmutlu, 2003; Spink, Ozmutlu and Ozmutlu, 2002) , including the current study, we can see that multitasking information behaviors specifically allow people to cope with a complex information laden and organized world. The study findings reported in this paper extends our previous research by providing a more in-depth understanding of multitasking information behaviors. The results from this exploratory study provided some significant insights into multitasking information behaviors and information task switching, and the factors that affect the construction of these behaviors.
Another finding of the study is the information seeker's construction an information seeking process that included a combination of electronic and physical searches, serendipitous browsing (Foster, 2003) and successive information seeking and searching episodes. The information seeker conducted a process of learning, ordering, constructing and switching between information tasks. During this complex process, the information seeker worked with four unrelated information tasks over two library visits. She articulated the status of each information task and the reasons for the ordering of her actions on each information task.
A further finding of the study is the identification and detailing of the complex process of information task switching. The information seeker exhibited a complex process of information task switching, including periods of concentration on a specific information task of varying familiarity and complexity. Her reasons for information task switching were related to the level of personal interest she had in each information task. Task switching may also be related to the information seeker's relevance judgments of the information they collected. For example, the level of relevance judgment, as relevant, partially relevant, partially not relevant, and not relevant, may be related to information task switching behavior. If a book or paper is judged as "partially" relevant, as suggested by Spink, Greisdorf and Bateman (1998) , does this item change the way an information seeker's may think about their current information task and lead to a task switch?
In the broader context of human multitasking behavior, Rubinstein, Meyer and Evans (2001) found that "task switch cost" increases with the complexity of the tasks and leads to potential efficiency costs. Switching information tasks was an everyday information related process for the information seeker. The information tasks observed in this study also varied in the length of time spent on each task. In this case the information seeker was not under time pressure to perform the information tasks within a certain timeframe. However, the study does show that people may batch their information tasks into a Web interaction or library visit. It seems plausible that multitasking information behaviors may be part of a more efficient and effective information behavior process. However, the questions related to the productivity of information task behaviors and information task switching is an open research issue.
Another issue to consider in relation to productivity and task switching is the differing complexity of information tasks and the effect of information tasks of different complexity on a multitasking information process. Do you users work on more complex or less complex information tasks first? The findings from the study in this paper suggest that people first work on information tasks that have a higher level of interest for them and a greater degree of domain knowledge. However, this finding needs to be confirmed with a larger group of people.
Another key issue to be further explored relates to the planning and prioritizing of information multitasking behaviors. Research shows that people reason over situations and actions in order to formulate a plan before taking action (Lee, 2001) . The information seeker did construct a consciously reasoned and deliberate process. However, it was not obvious to the researcher that the information seeker had a detailed and explicitly devised plan to conduct multitasking activities.
CONCLUSIONS AND FURTHER RESEARCH
Multitasking information behavior and information task switching are a new and important research area with major implications for information behavior theories and models, the training of information professionals, information seekers and information systems designers, and our understanding of multitasking behaviors in general.
Further research is needed to examine the characteristics and limitations of information task switching, information seekers' capacities for task switching, scheduling and planning, and the relationship between relevance judgments, information behavior productivity and multitasking information behaviors. We also need to learn how people acquire multitasking information abilities and information behavior skills in general. Further research is needed to model in more detail users multitasking information behaviors and task switching with a large group of people. A major research effort is also needed toward the integration of library use and information behavior models, and the further development or adaptation of appropriate model or models towards systems to support information multitasking behaviors. 
